Abstract
INTRODUCTION
The most common helminthic disease of the nervous system is nee is the most common helminthic disease of the nervous system, is neurocysticercosis, which is considered as a serious public health problem in developing countries of Latin America, Asia and Africa [1] [2] [3] . The use of both the drugs Albendazole [ABZ] and Praziquantel [PRQ] consider an effective against the cystic larvae for the treatment of neurocysticercosis over the last 20 years with the use of both the drugs ABZ & PRQ. ABZ has been found an effective drug of choice than PRQ, but this persistence of cysts even after continuous use of ABZ [2] . For the patients, who were the persistence of cyst after the use of ABZ, an alternative treatment therapy was developed where there was simultaneous use of PRQ and ABZ has been evaluated [4] [5] . Albendazole and Praziquantel in combination were used extensively for human hydatid disease [6] [7] [8] [9] . Albendazole [ABZ] is an inactive moiety but it readily gets metabolized to an active metabolite Albendazole sulfoxide [ABZSO] then this ABZSO is then further metabolized to an inactive metabolite Albendazole sulfone [ABZSO2] [10] . As ABZ is metabolized extensively, therefore, the plasma concentration of ABZ is also very low as a result the pharmacokinetic studies were been done using Albendazole sulfoxide [ABZSO] as an active metabolite and Albendazole sulfone [ABZSO2] as an inactive metabolite [11] [12] [13] [14] [15] . Metabolism of Praziquantel [PRQ] occurs giving a number of hydroxylated metabolites [16] [17] [18] , among which the active metabolite is mainly trans-4-hydroxypraziquantel [TRANS] , an active metabolite [19] . Evaluation and the determination of various pharmacokinetic parameters of ABZ and PRQ, the method has been developed which is simple, selective and sensitive analytical method for Limit of Quantitation [LOQ] determination in plasma samples for different metabolites. A number of High-performance liquid chromatographic [HPLC] system [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] and capillary electrophoresis methods [CE] [30] [31] has been developed for the estimation of ABZ & PRQ. A recent advances method has been developed for the estimation of ABZ, ABZSO, ABZSO2 & PRQ in trans form by tandem mass spectrophotometry [LC-MS/MS]. By using this technique, the analysis of ABZ and PRQ along with their metabolites has been isolated [32] and [33] by the use of LC-MS/MS for the development of two methods with Limit of Quantitation [LOQ] for ABZSO were 5.0 and 3.7 ng/mL, respectively. Further, method which reported a Limit of Quantitiation of 0.5 ng/mL for ABZSO an active metabolite of ABZ [32] . LC-MS/MS method was only used for the qualitative analysis of PRQ metabolites [16 & 34] . There is only one method available for simultaneous determination of albendazole metabolites, praziquantel and its metabolite in plasma by high-performance liquid chromatographyelectrospray mass spectrometry [35] which is a costly method but sensitive. For the first time a high sensitive, simple HPLC assay method was developed for the simultaneous estimation of ABZ and PRQ in rat plasma along with an as an internal standard [Diazepam] , which is a cost-effective and sensitive enough to determine the concentration in nanogram level. Figure 2 and UV detection was set at 225nm for both ABZ and PRQ respectively. 
MATERIAL AND METHODS

Chemicals and Reagents
Preparation of stock and standard solutions
A stock solution of 1mg/ml of albendazole, praziquantel and diazepam were prepared using methanol. Standard solution of ABZ, PRQ, and Diazepam [I.S.] were prepared from the stock solution using methanol for the dilution, of appropriate amounts taking from individual stock solution by methanol. Finally, the different concentration of the standard solution were 80000, 70000, 60000, 50000, 40000, 30000, 20000, 10000, 5000, 1000 and 500 ng/mL along with a fixed concentration of the internal standard [5000 ng/mL]. Precision and accuracy standards with concentrations of 80000, 40000, 50000 and 500 ng/mL were also prepared in the same manner along with a fixed concentration of the internal standard [5000 ng/mL]. All the stock solutions were prepared and refrigerated, which was not used and are replaced on a weekly basis. In every day, fresh standard solution was prepared for analysis and validation purpose.
Sample Collection
The use of animals in this study was approved by CPCSEA [Committee for the Purpose of Control and Supervision on Experimental Animals]. The rats were housed one animal per cage at Animal House of Sigma Institute of Pharmacy, Baroda. The environment was controlled with daily feeding and water.
Healthy albino rats [weighing 150-250 gm] venous blood samples [2 mL] were collected into in 2mL heparinized-coated micro-centrifuge tube from retro-orbital plexus of albino rats. The 2mL microcentrifuge tube containing blood was centrifuged at 15000 rpm for 15 min and the plasma was collected carefully. The collected plasma was stored in -20°C till it was used. The blood sample was collected on a regular basis from different rats and plasma was separated till the study was being completed so that the analysis should be unbiased in nature.
Sample Preparation
The plasma samples were treated with protein precipitating agent for the analysis of ABZ and PRQ. To each 400 µL plasma spiked with ABZ, PRQ and diazepam of different concentration were taken in 1.5 mL microcentrifuge tubes and simultaneously a blank [400 µL of plasma without ABZ, PRQ, and Diazepam] was also taken in 1.5 mL micro-centrifuge tubes. Different protein precipitating agents were used such as ammonia sulfate, 10-15 trichloroacetic acid, 10% sodium tungstate in water, 5-sulphosalicylic acid, zinc sulfate in methanol, different ratios of organic solvents [Acetone, Acetonitrile, Methanol] and different percentages of perchloric acid in water. Lastly, it was found that 8.25% of perchloric acid gave a clear chromatogram without any interference with the two analytes [ABZ and PRQ] and internal standard so 8.25% of perchloric acid was chosen to be used as a protein precipitating agent to precipitate proteins throughout the whole Bioanalytical study.
Calibration Curves
Blank plasma was collected from untreated anesthetized animals. The plasma calibration point was prepared by spiking 400 µL of plasma with 40 µL of each ABZ, PRQ and Diazepam standard solution and vortex for a few minutes. The calibration curves for rat plasma were in the range of 50-8000 ng/mL and fixed concentration of the internal standard [500 ng/mL]. After plasma was spiked, it was subjected to further sample preparation before analysis.
System suitability
System suitability is an integral part of chromatographic analysis. This system suitability test is used to verify the data for Theoretical Plate [N], Height Equivalent to a theoretical plate [HETP] , resolution etc which is very much useful for the chromatographic system to pass the minimum limit.
Validation of the method
The developed method was validated by evaluating recovery, linearity, precision, accuracy, quantitation limit and stability. Coefficients of variation and relative errors of less than 15% were considered acceptable, except for the quantitation limit, for which these values were established at 20%, as recommended in the literature [36] [37] [38] .
Linearity
The linearity was tested in the concentration range of 8000, 7000, 6000, 5000, 4000, 3000, 2000, 1000, 500, 100 and 50ng/mL for both the drugs with a fixed concentration of Diazepam [500ng/mL] and the calibration curve was constructed and evaluated by its correlation coefficient. The linear regression equation was calculated by the least squares method using Microsoft Excel® program.
Accuracy
Accuracy of the method was determined by replicate analysis of five sets of samples spiked with four different levels of ABZ and PRQ [50, 4000, 5000, and 8000 ng/mL] with a fixed concentration of Diazepam [500 ng/mL] and comparing the difference between the spiked value [theoretical value] and that actually found value.
Precision
The precision of the method based on within-day repeatability was determined by replicate analysis of five sets of samples spiked with four different concentrations of ABZ and PRQ [50, 4000, 5000, and 8000 ng/mL] with a fixed concentration of Diazepam [500 ng/mL]. The reproducibility [day-to-day variation] of the method was validated using the same concentration range of plasma as described above, but only a single determination of each concentration was made in three different days. Relative standard deviations [R.S.D.] were calculated from the ratios of standard deviation [S.D.] to the mean and expressed as a percentage.
Recovery
The analytical recovery of sample preparation procedure for ABZ and PRQ and the internal standard [Diazepam] were estimated by comparing the peak heights obtained from samples [plasma] prepared as described in Section 2.5, with those measured with equivalent amounts of ABZ and PRQ in methanol. The triplicate analysis was performed at concentrations of 50 and 8000 ng/mL for ABZ and PRQ and at a concentration of 500 ng/mL of the internal standard.
Selectivity
The selectivity of the method was verified by checking for interference by albendazole, albendazole sulphoxide [active metabolite of albendazole], ivermectin, including the commonly used antibiotics ampicillin, penicillin, and gentamycin after subjecting them to sample preparation procedures. Albendazole and ivermectin are antiparasitic drugs which are used in combination with praziquantel in the control of filariasis and geohelminths.
Limit of Quantitation [LOQ] and Limit of Detection [LOD]:
The limit of quantitation [LOQ] of the assay procedure was determined from the lowest concentration of ABZ and PRQ [in spiked plasma sample] that produced a peak height three times the baseline noise at a sensitivity of 0.005 aufs [absorbance unit full scale] in a 400 µL sample. The detection limit of an individual analytical procedure is the lowest amount of analyte in a sample, which can be detected but not necessarily quantitation as an exact value.
Stability
The stability of ABZ and PRQ was determined by storing spiked plasma samples [at the concentrations of 50, 5000, and 8000 ng/mL with a fixed concentration of Diazepam [500ng/mL]; triplicate analysis for each concentration] in a −20°C freezer [Sanyo, Japan] for 6 months. Concentrations were measured periodically [1 st , 2 nd , 4 th and 6 th months]. To freeze and thaw stability, samples were frozen at −20°C for at least 24 h and thawed unassisted at room temperature [25°C]. When completely thawed, the samples were transferred back to the original freezer and refrozen for at least 24 h. The process was repeated for three cycles.
Quality control
Quality control [QC] samples for ABZ and PRQ were made up in plasma using a stock solution separated from that used to prepare the calibration curve, at the concentrations of 50, 4000, 5000 and 8000 ng/mL along with a fixed concentration of Diazepam [500 ng/mL].
Samples were aliquoted into cryovials and stored frozen at −20°C for use with each analytical run. The results of the QC samples provided the basis for accepting or rejecting the run. At least, two of the four QC samples had to be within ±20% of their respective nominal value. Two of the four QC samples could be outside the ±20% of their respective nominal value, but not at the same concentration.
RESULTS AND DISCUSSION
Sample preparation
The sample preparation step used in this study involved protein precipitation of the sample, i.e., perchloric acid is used to precipitate the proteins from plasma [8.25% of perchloric acid]. To each 400 µL of plasma spiked sample was mixed with 45 µL of 8.25% perchloric acid for 30 seconds. The samples were centrifuged at 12000 rpm for 15min this gives a clear supernatant liquid at the top in comparison to all other protein precipitating agents mentioned in section 2.5. 20 µL of clear supernatant liquid was transferred in Hamilton Syringe and injected through the rheodyne injector to HPLC column for analysis. This condition was found to be the most optimal conditions for sample preparation as it resulted in a clean chromatogram. 
Chromatographic separation
System suitability
System suitability tests, an integral part of a chromatographic analysis was used to verify that the resolution and reproducibility of the chromatographic system are adequate for the analysis [39] . A system suitability test according to USP was performed on the chromatograms obtained from standard and test solutions to check different above-mentioned parameters and the results obtained from six replicate injections of the standard solution are summarized in Table 1 . 
Method validation
Linearity
The linearity was tested in the concentration range of 8000, 7000, 6000, 5000, 4000, 3000, 2000, 1000, 500, 100 and 50ng/mL for both the drugs with a fixed concentration of Diazepam [500ng/mL] and the calibration curve was constructed and evaluated by its correlation coefficient. The linear regression equation was calculated by the least squares method using Microsoft Excel® program. The coefficient of determination [r 2 ] for ABZ and PRQ in plasma was found to be 0.994 and 0.995 indicating a strong linear relationship between the variable summarized in Table 2 . 
Precision
Inter-day of ABZ and PRQ gave an R.S.D. within 6.0 and 10.2 inter-assay [day-to-day] variation for ABZ and PRQ assay at the concentration range 50-8000 ng/mL [50, 4000, 5000 and 8000ng/mL]. Intra-day of ABZ and PRQ, gave an R.S.D. within 1.8 and 11.4 The intra-assay [within-day] for ABZ and PRQ assay at the concentration range 50-8000 ng/mL [50, 4000, 5000 and 8000ng/mL] [should be less than 15% according to CDER guidance for Bioanalytical Method Validation [CDER, 2000] ], revealed that the proposed method is highly precise. Little variation of ABZ and PRQ assays was observed; relative standard deviation [R.S.D.] for all four different concentrations of ABZ and PRQ observed was all below 15% are summarized in Table 3 . T.C. denotes theoretical concentration and E.C. denotes experimental concentration.
Accuracy and Recovery
Accuracy data in the present study ranged from 97.81 to 105.28% for ABZ and 96.80 to 102.63% for PRQ [Table 4 ] indicates that there was no interference from endogenous plasma components. Inter-day as well as intra-day range 50-8000ng/mL along with a fixed concentration of Diazepam 500ng/mL [50, 4000, 5000 and 8000 ng/mL]. The mean recoveries for ABZ and PRQ in plasma at the concentration range 50-8000 ng/mL were found to be greater than 90%. The results reflect essentially nearly 100% recovery from the spiked plasma and indicate a lack of interference from the sample preparation procedure. 
Limit of quantitation [LOQ] and Limit of Detection [LOD]
The limit of quantitation [LOQ] in rat plasma for ABZ and PRQ was accepted as 50ng for both the drugs using 400 µL of plasma. The detection limit of an individual analytical procedure is the lowest amount of analyte in a sample, which can be detected but not necessarily quantified as an exact value. 
CONCLUSION
This paper reports for the first time the simultaneous analysis of ABZ and PRQ in rat plasma by HPLC using UV detector. The method described here is simple, rapid, and reproducible. The quantitation limits obtained using 400µL plasma was similar to those reported in the literature and were small enough for the method to be used in pharmacokinetic studies. The major advantage of this method when compared to the previously published methods is cost effectiveness due to the use of HPLC having UV detector and using perchloric acid as a protein precipitating agent, sample preparation which gives clear chromatogram and at the same time it is cost effective. This above-developed method can be applied for the estimation or determination of albendazole and praziquantel in rat plasma along with their pharmacokinetic studies.
